Increased supply of fatty acids to muscle and liver is causally involved in the insulin resistance syndrome. Using a tissue microdialysis technique in Wistar and Zucker fatty (ZF) rats, we determined tissue glycerol levels as a marker of lipolysis in gastrocnemius muscle (gMT), subcutaneous adipose (SAT), and visceral adipose tissue (VAT) as well as the reduction of plasma free fatty acids, glycerol, and triglycerides caused by the antilipolysis-specific adenosine-A1 receptor agonist (ARA). In Wistar and ZF rats, ARA significantly lowered dialysate glycerol levels in SAT, VAT, and gMT. Whereas in SAT and VAT the decrease in dialysate glycerol indicated adipocytic antilipolysis, this decrease in gMT was not caused by a direct effect of ARA on intramyocellular lipolysis, as demonstrated by the lack of inhibition of the protein kinase A activity ratio in gMT. In addition, no differences of the fed-starved-refed dynamics of intramyocellular triglyceride levels compared with untreated controls were measured by in vivo 1 Hspectroscopy, excluding any adenylate cyclase-independent antilipolysis in muscle. Treatment with ARA resulted in pronounced reductions of plasma free fatty acids, glycerol, and triglycerides. Furthermore, in ZF rats, ARA treatment caused an immediate improvement of peripheral insulin sensitivity measured by the euglycemic-hyperinsulinemic glucose clamp technique.
Increased supply of fatty acids to muscle and liver is causally involved in the insulin resistance syndrome.
Using a tissue microdialysis technique in Wistar and
Zucker fatty (ZF) rats, we determined tissue glycerol levels as a marker of lipolysis in gastrocnemius muscle (gMT), subcutaneous adipose (SAT), and visceral adipose tissue (VAT) as well as the reduction of plasma free fatty acids, glycerol, and triglycerides caused by the antilipolysis-specific adenosine-A1 receptor agonist (ARA). In Wistar and ZF rats, ARA significantly lowered dialysate glycerol levels in SAT, VAT, and gMT. Whereas in SAT and VAT the decrease in dialysate glycerol indicated adipocytic antilipolysis, this decrease in gMT was not caused by a direct effect of ARA on intramyocellular lipolysis, as demonstrated by the lack of inhibition of the protein kinase A activity ratio in gMT. In addition, no differences of the fed-starved-refed dynamics of intramyocellular triglyceride levels compared with untreated controls were measured by in vivo 1 Hspectroscopy, excluding any adenylate cyclase-independent antilipolysis in muscle. Treatment with ARA resulted in pronounced reductions of plasma free fatty acids, glycerol, and triglycerides. Furthermore, in ZF rats, ARA treatment caused an immediate improvement of peripheral insulin sensitivity measured by the euglycemic-hyperinsulinemic glucose clamp technique. Diabetes 53: 1920 -1926, 2004 A dipose tissue is increasingly being recognized as a complex organ with a host of endocrine and paracrine functions that affect an array of metabolic and other functions (1) . Although it seems histologically almost homogeneous, it is functionally heterogeneous, depending mainly on the anatomic location of the adipose tissue. Adipose depots differ in their cellular structure (2) , biochemical properties in vitro (3) , and metabolism in vivo in both humans and rodents (4, 5) . Many genetic and environmental factors can induce changes in structure and function of adipose tissue with one of the most critical outcomes being the accumulation of excess fat mass leading to obesity and insulin resistance.
Insulin resistance is defined as an impaired ability of this hormone to suppress hepatic glucose output and to promote peripheral glucose disposal (6) . Skeletal muscle is a major locus for insulin resistance, playing a key role in whole-body glucose homeostasis. A common feature of insulin-resistant conditions is elevated levels of circulating free fatty acids (FFAs) (7) , which oppose the effect of insulin on glucose homeostasis (8) . The source of circulating FFAs and glycerol is the adipose tissue compartment in which triglycerides (TGs) are stored and hydrolyzed. Several recent studies have shown that there is also lipolytic activity of skeletal muscle tissue in vivo (9, 10) . Furthermore, differences in glycerol release among different muscle types that seem to be related to muscle fiber composition have been detected (11) . The important role of intramyocellular TGs (IMTGs) in the pathogenesis of insulin resistance is further demonstrated by studies showing a negative relationship between IMTGs and whole-body insulin sensitivity in both humans and rodents (12) (13) (14) . IMTGs correlate more tightly with insulin resistance than any of the other commonly measured parameters (6). However, muscle TGs themselves do not seem to interfere directly with insulin action in the myocytes but rather impair insulin signaling through some other fatty acid-derived metabolite, e.g., long-chain acyl-CoAs.
Endogenous adenosine is supposed to be an important regulator of adipose tissue metabolism by increasing the sensitivity of adipocyte glucose transport and oxidation and by inhibiting lipolysis potently. Lipolysis is triggered by adenosine-A1 receptors (15) (16) (17) . Therefore, selective adenosine-A1-agonists have been suggested to be useful as antilipolytic drugs in the treatment of type 2 diabetes. By suppressing lipolysis, they could decrease plasma FFA and TG levels (18 -21) .
The aim of the present study was to investigate the antilipolytic activity of the antilipolysis-specific adenosine-A1 receptor agonist (ARA) by the tissue microdialysis technique in gastrocnemius muscle (gMT), subcutaneous adipose (SAT), and visceral adipose tissue (VAT) of Wistar and obese Zucker fatty (ZF) rats. Magnetic resonance spectroscopy (MRS) studies were performed to monitor intramyocellular lipolysis. In addition, glucose clamp studies were performed to determine the acute effect of ARA on insulin sensitivity in ZF rats.
RESEARCH DESIGN AND METHODS
Male Wistar rats (450 -500 g; HsdCpb:Wu; Charles River) and insulin-resistant male obese ZF rats (700 -1100 g; CRL:(Zuc)-fa; Charles River) were used for the experiments. The animals were fed with SSNIFF pellet chow (Soest, Germany) and water ad libitum. They were kept at 22°C, 60% relative humidity on a 12-h light-dark cycle.
-yl]cyclopentane-1,2-diol; molecular formula, C 22 H 26 F 3 N 7 O 3 ; molecular weight, 493.49) is an antilipolysisspecific ARA, without any hemodynamic effects at antilipolytic doses, synthesized by the chemical department at Aventis. ARA is highly selective for rat and human A1 (K i ϭ 16 nmol/l), compared with A2a (K i Ͼ100,000 nmol/l), A2b (K i Ͼ100,000 nmol/l), and A3 (K i Ͼ9,000 nmol/l) receptors. Functionally, it is a potent antilipolytic agent (inhibition of isoproterenol-and adenosine deaminaseinduced lipolysis in isolated rat adipocytes: IC 50 ϭ 11 nmol/l) but has no effect on heart rate (rat right atria: IC 50 Ͼ100,000 nmol/l), making it essentially a partial agonist in the heart but a full agonist in the adipocyte. ARA was suspended in 0.5% methylcellulose in saline and administered at the dose of 10 mg/kg intraperitoneally. Vehicle was administered to control rats.
All experimental procedures were conducted according to the German Animal Protection Law. Tissue microdialysis and euglycemic-hyperinsulinemic glucose clamp studies were performed after an overnight fast in anesthetized rats. Anesthesia was achieved by a bolus injection of pentobarbital at a dose of 60 mg/kg intraperitoneally and maintained by a subcutaneous infusion of ϳ20 mg ⅐ kg Ϫ1 ⅐ h Ϫ1 . Rats were tracheotomized, and peripheral veins were prepared for blood collections or infusions. Body temperature was kept at 37°C using a heating pad.
The determination of the protein kinase A (PKA) activity ratio was determined in overnight starved Wistar rats 15 or 60 min after administration of ARA. Cytosol fractions were prepared from SAT, VAT, and gMT excised from the anesthetized animals and assayed for PKA specific activity ratio.
ARA was administered in tissue microdialysis studies after a baseline period of 2 h. In glucose clamp studies, rats received ARA twice, at 16 h before the study and 1 h before the insulin infusion. In the MRS study, IMTG was determined on day 1 during normal fed conditions, on day 2 after an overnight fast, and on day 3 after refeeding. On day 2 after the second MRS measurement, eight rats received ARA; the other rats served as controls for the IMTG determination on day 3. Tissue microdialysis. Changes of glycerol concentrations in the intercellular space of the examined tissue regions were determined using microdialysis, as described in detail elsewhere (22) . Briefly, the day before a microdialysis experiment, microdialysis catheters (CMA/20; membrane, Polycarbonat; cut off, 20,000 D; Solna, Sweden) were rinsed with Ringer solution (10 -12 h) to remove the glycerol coat of the probe. Microdialysis catheters were inserted into SAT, VAT, and gMT. These tissues were then perfused using microdialysis pumps (CMA 100 or CMA 102; Microdialysis AB, Stockholm, Sweden) at a speed of 2 l/min with Ringer solution plus 50 mmol/l ethanol for the evaluation of hemodynamic changes. During the first hour, no dialysate was collected to allow stabilization of glycerol levels. Dialysate fractions were then collected every 30 min up to 7 h and were immediately analyzed for dialysate glycerol and ethanol. At the end, the animals were killed by pentobarbital overdose, and the correct location of the probes was visually proved.
Changes in blood flow were determined by using the ethanol dilution technique, which is based on Fick's principle (23, 24) . As ethanol readily diffuses through the probe membrane and is not metabolized by peripheral tissues, an escape from the perfusion medium to the extracellular compartment measured by the ethanol outflow/inflow ratio would be dependent on blood flow in the tissue surrounding the microdialysis probe (23, 25) . The method has been accepted as a good indicator of small variations in the nutritive blood flow to the tissue surrounding the microdialysis probe, and it gives comparable results to those obtained by the 133 Xe-clearance technique (24) . A decrease in the [ethanol] dialysate /[ethanol] perfusate ratio is equivalent to an increase in blood flow and vice versa.
Blood samples were drawn from the jugular veins for determination of FFAs, glycerol, and TGs at time points indicated in the figures. The blood samples were placed in K-EDTA tubes and centrifuged at 5,400g for 4 min at 4°C.
MRS.
In vivo MRS studies in anesthetized Wistar rats were performed on a 7 Tesla Biospec system (Bruker BioSpin, Ettlingen, Germany) as described previously (12, 26) . Briefly, IMTG was determined in the m. tibialis (TIB) and m. soleus (SOL), via volume-selective 1 H-MR spectroscopy, and expressed as IMTG/tCr ratio. Euglycemic-hyperinsulinemic glucose clamp study. The experimental procedure was performed as described previously (12) . Determination of PKA activity ratio. Frozen tissue samples were minced under liquid N 2 in 2 ml of 25 mmol/l morpholinoethanesulfonic acid (pH 6.0), 140 mmol/l NaCl, 2 mmol/l EDTA, 0.5 mmol/l EGTA, 0.25 mol/l sucrose, 50 mmol/l NaF, 10 mmol/l sodium pyrophosphate, 20 mmol/l glycerol-3-phosphate, 1 mmol/l sodium orthovanadate, 2 mol/l microcystin LR, 1 mol/l okadaic acid, and protease inhibitors per gram of wet weight and then homogenized by sequential use of an Ultraturrax homogenizer (30 s, maximum speed) and a Teflon-in-glass homogenizer (tightly fitting, five strokes, 3,000 rpm, on ice). After centrifugation (500g, 5 min, 4°C), the infranatant below the fat layer was carefully removed, adjusted to 0.5% Triton X-100, and after incubation (30 min, 4°C) and homogenization (Teflon-in-glass, 10 strokes, 500 rpm, 4°C) centrifuged (10,000g, 15 min, 4°C). The supernatant was re-centrifuged (100,000g, 1 h, 4°C). Twenty-five microliters of the supernatant (cytosol) were incubated (30 min, 30°C) with 12.5 l of assay buffer (200 mmol/l Tris/HCl [pH 7.5], 40 mmol/l MgCl 2 , 4 mmol/l ATP, 400 mol/l rhodamine-labeled kemptide [PepTag A1 peptide obtained from Serva/Promega Heidelberg, Germany]) in the absence or presence of 10 mol/l mono-butyryl-cAMP and 50 mol/l heat-stable PKA inhibitor peptide (Sigma, Deisenhofen, Germany) in a total volume of 50 l. The reaction was terminated by placing the tube into a boiling water bath for 2 min, and the mixture was stored at Ϫ20°C for further analysis. Portions of this mixture (10 l) supplemented with 1 l of 80% glycerol were separated by agarose gel electrophoresis (0.8% in 50 mmol/l Tris/HCl [pH 8.0], 15 min at 100 V). Phosphorylated kemptide (net charge Ϫ1) migrating toward the anode and separated from the nonphosphorylated species (net charge ϩ1) moving toward the cathode were visualized under UV light. For quantitative evaluation, the gel material that contained the phosphorylated band was excised (125 l), heated (95°C), and supplemented with 75 l of gel solubilization solution and 50 l of glacial acetic acid, and finally its absorbance was determined at 570 nm using a 96-well plate reader (normalized for liquefied agarose containing no kemptide). The PKA activity ratio was calculated as the ratio between the absorbance in the absence and presence of cAMP corrected in each case for unspecific phosphorylation in the presence of the PKA inhibitor (which was Ͻ15% of total) and reflects the portion of PKA activity (i.e., cAMP concentration) present at the time point of removal of the tissue samples. Control experiments demonstrated that the activity ratio is independent of dilution of the tissue homogenate (and protein concentration) from 2 g wet wt/ml to 0.03 g/ml (limit of detection) and of incubation period (up to 2 h), thereby excluding formation of inactive PKA dephosphorylated holoenzyme during homogenization and subsequent assay. Analytical procedures. During the tissue microdialysis experiment, dialysate glycerol was measured with an automated analyser (CMA 600, CMA Microdialysis AB) using an enzymatic fluorometric method. In situ recoveries were found to be 33% for dialysate glycerol at near equilibrium (27) . Ethanol was determined in the perfusate (inflow) and dialysate (outflow) with the biochemistry analyzer YSI 2700 Select (Kreienbaum, Germany).
Standard procedures were used to determine blood parameters for glucose, FFAs, glycerol, and TGs (28) . Plasma insulin concentrations were assayed with a radioimmunoassay kit obtained from Linco (St. Charles, MO). Statistical analysis. The program Sigma Stat 2.0 (Jandel, Erkrath, Germany) was used for multifactorial ANOVA, including factor repetition when required. Average data values were described by least square means (Ϯ SE) provided by ANOVA.
RESULTS
Tissue microdialysis. During the 2-h baseline period, glycerol levels were constant in all tissues. The mean baseline glycerol concentrations of the three examined tissues in both rat strains are shown in Fig. 1 . The comparison of the baseline levels in Wistar rats revealed significant differences in dialysate glycerol levels of the examined tissues in contrast to ZF rats. Their glycerol levels were not different between the examined tissues and were significantly higher than those of Wistar rats.
Using the ethanol dilution technique as an indirect marker for tissue blood flow, it was confirmed that blood flow had stabilized 1 h after insertion of the catheters and remained stable over the time course of the microdialysis experiment (2 h baseline plus 5 h after ARA administration; data not shown). The comparison of the baseline ethanol ratio reveals clear differences between the examined tissues. In Wistar rats, the lowest ethanol ratio was found in gMT (0.48 Ϯ 0.02), indicating a significantly higher blood supply compared with both adipose tissues (SAT, 0.58 Ϯ 0.02; VAT, 0.70 Ϯ 0.02; P Ͻ 0.001, comparison between the different tissues). It is interesting that the ethanol ratio found in SAT and VAT of ZF rats was slightly but significantly elevated compared with the blood flow in adipose tissue of Wistar rats (SAT, 0.84 Ϯ 0.02; VAT, 0.79 Ϯ 0.02; P Ͻ 0.001, comparison between both adipose tissues in the different rat strains), indicating a decreased blood flow in SAT and VAT of ZF rats compared with Wistar rats. In gMT, no significant differences in the ethanol ratio and, therefore, in blood flow could be detected between the two different rat strains (0.52 Ϯ 0.02).
Acute treatment with ARA significantly lowered dialysate glycerol levels in all three tissues examined, in both Wistar and ZF rats (Fig. 2) . The mean glycerol reduction in Wistar rats was 30.1 Ϯ 3.4, 27.4 Ϯ 4.3, and 16.9 Ϯ 1.4 mol/l in SAT, VAT, and gMT, respectively (P Ͻ 0.001, compared with their own baseline levels). Glycerol levels of vehicle-treated control Wistar rats remained stable in all tissues during the whole experiment. In ZF rats, the decrease of dialysate glycerol levels caused by ARA was more pronounced with a mean glycerol reduction of 64.4 Ϯ 9.5, 45.1 Ϯ 7.6, 58.8 Ϯ 9.0 mol/l in SAT, VAT, and gMT, respectively (P Ͻ 0.05, compared with their own 
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baseline levels). The glycerol levels of vehicle-treated ZF rats showed also a slight decrease compared with their baseline values of ϳ6.4 Ϯ 10.6, 7.9 Ϯ 7.4, and 13.1 Ϯ 12.1 mol/l for SAT, VAT, and gMT, respectively, during the experiment, but this did not reach statistical significance (Fig. 2) .
In Wistar as well as in ZF rats, treatment with ARA did not cause any changes in the ethanol ratio, indicating that there was no effect of ARA on circulation in the examined tissues (data not shown). The reduction of dialysate glycerol levels was therefore due to an ARA-mediated inhibition of lipolysis rather than to an increased transport of glycerol because of changes in the capillary blood flow.
In the tissue microdialysis study, blood levels of FFAs, glycerol, and TGs were significantly reduced in ARAtreated Wistar rats by 90, 78, and 98%, respectively, compared with control animals (Fig. 3) . In comparison with Wistar rats, ZF rats already showed slightly elevated FFA, 5-fold elevated glycerol, and 25-fold elevated TG levels during the baseline period. ARA treatment reduced FFAs, glycerol, and TGs in ZF rats by 60, 50, and 55%, respectively (Fig. 3) . PKA activity ratios. To clarify whether these powerful effects on plasma lipids and tissue glycerol were indeed caused by activation of adenylate cyclase-cAMP-PKA signaling cascade, we investigated the effect of ARA on PKA activation in SAT, VAT, and gMT 15 and 60 min after administration of ARA to Wistar rats. ARA caused a significant reduction of the PKA activity ratio, which monitors the portion of cAMP-stimulated autophosphorylated PKA, in SAT and VAT within 15 min, which remained significantly reduced in VAT but not in SAT for 60 min. These results presumably reflect different time courses of homologous desensitization of the adenosine receptor A1 and/or downstream signaling by ARA. However, in gMT, there was no effect on the PKA activity ratio (Table 1) . From these results, we conclude that ARA inhibited lipolysis via inhibition of adenylate cyclase-cAMP-PKA pathway in SAT and VAT but did not cause cAMP-mediated intramyocellular antilipolysis. MRS. Recently, we identified that starvation-induced adipocytic lipolysis occurred in parallel to increased TG formation in glycolytic (TIB) and intermediary (m. extensor digitorum longus) muscles but not in oxidative muscle (SOL) (26) . However, on refeeding starvation-mediated elevated IMTGs in TIB decreased immediately, which is consistent with intramyocellular lipolysis. Therefore, in 24-h-starved rats as used for microdialysis studies, no net intramyocellular lipolysis can be expected during baseline conditions. However, cAMP-independent mechanisms of antilipolysis caused by adenosine (via the adenosine-A1 receptor) have been described (15, 29) . To assess such cAMP-independent ARA-mediated antilipolysis in muscle, we investigated the dynamics of IMTGs in TIB and SOL by in vivo 1 H-MRS on refeeding after a 24-h fast. IMTGs in TIB increased after starvation for 24 h, and ARA treatment did not prevent the decrease of IMTGs on refeeding, indicating that ARA did not affect intramyocellular lipolysis ( Table  2 ). The IMTG content in SOL did not change during the entire experiment, which is consistent with previously published results (26) . Euglycemic-hyperinsulinemic glucose clamp. To examine the effect of ARA treatment on the insulin-resistant condition of ZF rats, we determined whole-body insulin sensitivity using the glucose clamp technique. ZF rats displayed marked insulin resistance compared with Wistar rats, demonstrated by a lower glucose infusion rate (GIR) and by elevated levels of plasma FFAs, which were not as suppressible during insulin infusion as in Wistar rats (Table 3) . Therefore, a significantly diminished insulinmediated antilipolysis occurred during hyperinsulinemia (insulin infusion rate 4.8 mU ⅐ kg Ϫ1 ⅐ min
Ϫ1
), reflected by a significantly reduced GIR in ZF rats compared with Wistar rats. Acute treatment with ARA clearly improved wholebody insulin sensitivity in ZF rats accompanied by a significant increase in GIR compared with untreated animals under glucose-clamp conditions. The treatment also led to a significant decrease of plasma FFA levels at basal conditions and during insulin infusion, decreasing to levels measured in Wistar rats. Plasma glycerol and TG levels were also significantly reduced after ARA treatment (Table  3) .
DISCUSSION
In this study, we investigated the antilipolytic properties of ARA in different adipose and muscle tissues and examined the positive effects of the treatment on plasma lipid parameters and whole-body insulin sensitivity. By using the entry of glycerol from the extracellular space into dialysate as a marker for lipolysis, these experiments demonstrate the potent ARA-mediated inhibition of adipocytic lipolysis by significantly reducing interstitial glycerol levels in all tissues examined in Wistar and even more pronounced in obese ZF rats. Because ARA treatment caused no changes in nutritive blood flow, the reduction of glycerol levels are due to an inhibition of lipolysis in both adipose tissues, which is accompanied by an decrease in blood plasma glycerol and FFAs. Reduction of plasma FFA levels causes a reduced supply of FFAs to the liver, thus limiting hepatic reesterification to TGs and resulting in an overall reduction of circulating plasma TG levels. This improvement of the plasma lipid profile in obese ZF rats resulted in an increase in whole-body insulin sensitivity as demonstrated by the hyperinsulinemic-euglycemic glucose clamp study.
Because of a ubiquitous peripheral distribution of the A1-receptor, separation of the desirable effects from unwanted effects is difficult for A1-receptor agonists (30) . The severe bradycardiac and hypotensive action of adenosine receptor agonists (31) seemed to limit the use of these agonists for other therapeutic areas. However, recent studies showed that low-efficacy agonists for the adenosine-A1 receptor cause antilipolysis with negligible or no effects on the cardiovascular system (32-34). Therefore, the specificity of ARA on antilipolysis can be explained by its weak agonistic A1-receptor properties, exclusively displaying a strong antilipolytic effect without any hemodynamic effects.
The general mechanism by which adenosine inhibits lipolysis is via activation of the A1-receptor, linked to reduced cAMP formation (35) and inhibition of PKA and finally of hormone-sensitive lipase (HSL) activity. In addition, it has been shown that adenosine (via the adenosine-A1 receptor) affects lipolysis by cAMP-independent mechanisms (15, 29) . The reduced PKA activity after ARA treatment was demonstrated in SAT and VAT but not in gMT, indicating that ARA-mediated antilipolysis occurred in adipocytes but not in muscle cells. In addition, the drop in IMTG levels after refeeding in TIB of control and ARA-treated rats revealed that ARA has no effect on intramyocellular lipolysis and excluded any cAMP-independent antilipolytic effects of ARA in muscle tissue.
The microdialysis experiments also demonstrate marked differences in dialysate glycerol levels between two different adipose depots (SAT, VAT) and gMT in Wistar rats under baseline conditions. Regional differences in the regulation of adipose tissue metabolism have been well documented and are mainly due to different adrenergic receptor expression and activation (36, 37) . Because 
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the ethanol ratio was significantly lower in SAT compared with VAT and the concentration of a particular substance in the extracellular space depends on blood flow and on cell metabolism (24) , this may reflect the existence of a reduced fluid drainage in epididymal adipose tissue. Therefore, vascular characteristics of the adipose tissue depots could mask a difference in basal lipolysis, resulting in a less prominent difference between the two adipose compartments (38) . However, for muscle tissue, the origin of glycerol is more complex than for adipose tissue. Several in vivo studies in humans have shown that there is an active lipolytic process within skeletal muscle with a significant release (9,10) but also with an uptake of glycerol (39, 40) . However, in a recent human study, an overnight fast induced a significant net release of glycerol, especially from the gastrocnemius muscle, which exhibits a relative dominance of oxidative type 1 fibers in comparison with other muscles (11) . Recently, we demonstrated by 1 H-MRS technique in rats that IMTGs in the oxidative SOL muscle did not change despite drastic elevations of FFA levels during starvation, whereas in glycolytic (TIB) and intermediary muscles, an intramyocellular TG formation occurred in parallel to adipocytic lipolysis (26) . On refeeding, elevated IMTGs in glycolytic and intermediary muscles immediately dropped to normal fed values, consistent with intramyocellular lipolysis. Therefore, in 24-h starved rats as used for microdialysis studies, no net intramyocellular lipolysis could be expected. We assume that the major part of glycerol in muscle tissue under baseline conditions may be due to intravascular TG hydrolysis by muscle lipoprotein lipase (mLPL). This is supported by studies showing an elevated mLPL activity during starvation (41, 42) .
The obese ZF rat represents an animal model for insulin resistance and obesity. In this model, tissue-specific differences in glycerol levels vanished. As the differences in glycerol levels between the two rat strains are, at least in muscle tissue, not due to differences in blood flow, the dramatic increase in tissue glycerol in all examined tissues reflects enhanced lipolytic activity. Applying the microdialysis technique, we cannot distinguish whether this higher lipolysis is due to a higher activity of either HSL or lipoprotein lipase under fasting conditions. In addition, muscle tissue of ZF rats possesses a greater number of adipocytes interspersed between the muscle fibers, and it therefore may be possible that the lipolytic activity of extramyocellular lipids from intramuscular adipose tissue contributes significantly to the interstitial glycerol pool in muscle in this animal model. The elevated glycerol levels found in both adipose tissues could partly be explained by differences in the ethanol ratio compared with Wistar rats, as a marked reduction in blood flow would hamper the removal of glycerol from tissue. A decreased blood flow in SAT was also observed in obese humans (43) (44) (45) and may be due to various tissue parameters such as the size of adipocytes, differences in the organization and permeability of the connective web, and the density of microvessels surrounding the microdialysis probe (46) . However, a higher basal lipolytic activity of adipocytes derived from ZF rats was also shown in cell culture experiments (47) .
In summary, our studies demonstrate a marked reduction of plasma FFAs and glycerol, reflecting in vivo inhibition of lipolysis in adipocytes after administration of ARA. Reduction of plasma FFA levels has far-reaching consequences by reducing the supply of FFAs to the liver, thus limiting hepatic reesterification to TGs and resulting in an overall reduction of circulating plasma TG levels. The antilipolytic properties of ARA were further demonstrated by a massive lowering of tissue glycerol levels without causing changes in microcirculation. As confirmed by the glucose clamp study, the inhibition of lipolysis by ARA treatment markedly improved insulin sensitivity and glucose uptake in insulin-resistant ZF rats and is therefore suggested as a useful new therapeutic principle for the treatment of lipid disorders combined with insulin resistance. 
